The underlying mechanisms of resistance to chemoradiotherapy of human papilloma virus (HPV)-negative patients with oropharyngeal cancer (OPC) remain unclear. The present study aimed to characterize cancer stem cells (CSC) of the HPV-negative OPC cell line in terms of chemotherapy resistance. CSCs were isolated through magnetic activated cell sorting using the CSC specific marker aldehyde dehydrogenase 1 antibody, and characterized by sphere formation capacity, immunofluorescence staining, and CSC marker expression. CSC response to cisplatin treatment was evaluated via XTT-assays. Spheres of CSCs of the HPV-negative UTSCC-60A cell line were highly dark holospheres. RNA expression levels of CSC markers OCT4, SOX2, Kruppel-like factor 4 and BMI1 were significantly higher in CSC. CSCs were significantly resistant to cisplatin treatment at various dosages compared with nonCSC. The present study suggested that the proportion of CSCs is very low in the tumor bulk, CSCs are resistant to cisplatin in HPV-negative OPC, which requires further investigation to define their mechanism.
Introduction
Head and neck squamous cell carcinoma (HNSCC) originates from the oral cavity, oropharynx, hypopharynx, nasopharynx, and larynx and is one of the most fatal among cancers. human papilloma virus (HPV) is believed to play role in the pathogenesis of HNSCC, specifically in oropharyngeal cancer (OPC), along with tobacco and alcohol. Despite HPV driven OPC increment in western countries (1) , HPV-positive OPC responds well to chemoradiotherapy. In contrast, HPV-negative patients are generally resistant to these treatment modalities. Besides, advanced OPC requires multimodal approaches like surgery with adjuvant irradiation or concurrent irradiation with salvage surgery (2) . As pharynx has important role in basic functions such as speech, chewing, and swallowing, complications and morbidity after treatment are the additional consequences that patients suffer together with the main problem of survival (3) .
HPV-negative HNSCC patients are usually elder, the lesions are larger and overall survival is less when compared to HPV-positive HNSCC patients (4) . It is also suggested that HPV-positive and HPV-negative cases' molecular background are different. According to Cancer Genome Atlas Network data in HPV-negative cases, TP53 84%, CCND1 31%, CDKN2A 58% and, FGFR1 10% have been altered. On the other hand, TP53 and CCND1 have been altered only in 3% and CDKN2A and FGFR1 had no alteration in HPV-positive cases (5) . Although there has been improvement in understanding the background of HPV-negative cases, resistance to chemo/radiotherapy is still the dead end indicating the need of further studies. Cancer stem cell (CSC) model (hierarchic model) of cancer suggests that only a subpopulation of cells in the tumor bulk, CSC, have the potential to form the cancer cells that is different than the stochastic model of cancer in which every cell in the tumor bulk has the potential to form cancer cells. Besides, clonal evolution of CSC puts forwards another difficulty in revealing CSC mechanism and role in cancer because of subgroups and genetic heterogeneity, which means different genetic backgrounds and different phenotypes in CSC (6, 7) .Like stem cells, cancer stem cells (CSCs) have the potential of differentiation and self-renewal. First defined in leukemia (8) , later in other cancers like breast (9), brain tumor (10), colon (11) , and over (12) , in 2007 CSC were defined in HNSCC (13) . CSCs have recently been a hot spot in HNSCC research as they are postulated to play important role in initiation, progression, invasion, metastasis, and as well they are supposed to be resistant to chemo/radio therapy and responsible for recurrence (14) . Their resistance to chemotherapy and radiation is through mechanisms like dormancy, DNA repair, multidrug-resistance-type membrane transporters, and escaping apoptosis (15) . Although CSCs are very rare in the tumor bulk, sometimes even less than 1%, they are considered to be important to evaluate new therapeutic approaches (16) . Not only by biological evidence but also via mathematical modeling it is also shown that a successful therapy should target CSCs as well (17) . Additionally, CSC is an important target in cancer that still needs to be clarified. There is the necessity of understanding CSC better to elucidate their role in carcinogenesis of HPV-negative OPC. Therefore, in this study we focused on characterization of CSC in HPV-negative OPC cell line UTSCC-60A to carry our understanding to a higher level for possible treatment of OPC via CSC.
Materials and methods
Cell culture. UTSCC-60A (University of Turku-Squamous Carcinoma Cell 60A) cell line, which was used for the experiments, is HPV-negative oropharyngeal squamous cell carcinoma generated from left tonsil cancer, kindly provided by Reidar Grenman, Department of Otorhinolaryngology, Turku University, Finland (18) (19) (20) . UTSCC-60A was cultured in Dulbecco's modified Eagle's medium (DMEM, Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (HyClone), 1% antibiotics (Thermo Fisher Scientific, Inc.) and, 1% GlutaMax supplement (Thermo Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere of 5% CO 2 in air. Cells were passaged at 4-5 days.
Isolation of CSC. CSCs were isolated through magnetic activated cell sorting. Based on the cell number tyrpsinized (0.25% Trypsin-EDTA, Thermo Fisher Scientific, Inc.), magnetic beads (goat anti-mouse IgG magnetic beads, NEB) ratio was calculated. Trypsinized cells were re-suspended in 1 ml of cold PBS and kept in 4˚C until combined with the magnetic beads. For 1x10 7 cells 0.25 µl of magnetic beads were washed with 1 ml of cold phosphate buffered saline (PBS, Thermo Fisher Scientific, Inc.) three times. This wash step included 2 min on the rotator followed by 2 min on the magnetic rack, discarding the PBS without disturbing the magnetic bead pellet every time. Then, magnetic beads were incubated with the first antibody mouse anti-ALDH1A1 (ab105920; Abcam) at 4˚C for one and a half hour. Magnetic beads and antibody ratio were 1:1. After antibody incubation, magnetic beads were washed with cold PBS four times as same as mentioned above. Cells that were trypsinized previously and kept at 4˚C were combined with magnetic beads and incubated at 4˚C for half an hour. Cell and magnetic bead suspension were carried to magnetic rack for separation and kept on magnetic rack for 15 min. Without disturbing the cell-magnetic bead pellet supernatant was carried to a clean centrifuge tube representing nonCSC. Cell-magnetic bead pellet was re-suspended in CSC medium displaying the CSC population.
Sphere formation assay. Isolated CSCs were plated to ultra-low attachment surface 96U-well plate (Thermo Fisher Scientific, Inc.) in CSC medium: DMEM, B27 2%, N2 1%, 10 ng/ml human epidermal growth factor (EGF), 20 ng/ml human fibroblast growth factor (FGF), and antibiotics 1%. Everyday cells were supplemented with fresh EGF and FGF. Spheroids were evaluated under microscope.
RT-qPCR. TriPure (Roche, Basel, Switzerland) was applied directly to the isolated CSC and nonCSC followed by the manufacturer's protocol. Before cDNA synthesis from CSC and nonCSC samples, samples were treated with DNase (Thermo Fisher Scientific, Inc.) following manufacturer's specifications. 100 ng of total RNA for each sample was converted to first strand cDNA (RevertAid First Strand cDNA Synthesis kit, Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. All samples including controls; reverse transcriptase negative, no template negative, positive control; were amplified to confirm the cDNA synthesis without DNA contamination. SyberGreen (Thermo Fisher Scientific, Inc.) was used for RT-qPCR reaction on Applied Biosystems 7500 Real Time PCR system. CSC markers OCT4, SOX2, BMI1, CD133, and KLF4 RNA levels, quadruplicate samples for each marker were evaluated for 3 times. Gene specific amplification was normalized to β-actin expression. Relative quantification results were calculated with ΔΔCq method (21) through manufacturer's Sequence Detection System (SDS) software protocol.
Immunofluorescence staining. Isolated CSCs were cultured in CSC medium for 3 days for immunofluorescence staining. Then spheres were carried to chamber slides and incubated at 37˚C in a humidified atmosphere of 5% CO 2 in air, overnight. After spheres' attachment to the surface of the chamber slide were confirmed under microscope CSCs were fixed with 4% PFA/PBS and incubated at room temperature for 20 min. After wash steps, blocking buffer was applied, which was followed by first antibody, mouse monoclonal Anti-ALDH1A1 (abcam ab105920), 1:600 dilution application overnight at 4˚C. Next day slides were washed with PBS than incubated with 1:1,000 dilution second antibody (goat anti-mouse IgG; Abcam) 1 h in dark at room temperature. Twice washed with PBS, nuclei staining (DAPI, Thermo Fisher Scientific, Inc.) were performed. After last wash step, chambers were removed from the slides and slides were mounted. CSCs were examined under microscope (Nikon Eclipse, Ts2). nonCSC immunofluorescence staining was performed as the same way as mentioned above for CSC, except the sphere formation step.
Cell proliferation assay. Triplicate samples for each dosage of Cisplatin (Sigma) for CSCs and nonCSCs plated to 96 well tissue culture plates as 5x10 3 cells/well and incubated at 37˚C in a humidified atmosphere of 5% CO 2 in air. After CSCs and nonCSCs attachment to the wells confirmed under microscope, cells were treated with Cisplatin for 24 h. Cisplatin dosage was used between 40 µg/ml-0.3125 µg/ml. 50 µl of XTT (Roche Cell Proliferation kit II; Roche) assay was added to the each well and absorbance was read at 490-660 nm using microplate reader Corona SH-9000Lab, following 4 h of incubation. Background was measured through average of wells containing only medium. Cell proliferation experiments were repeated twice with triplicate samples each time. For statistical significance the Student's t-test was determined.
Statistical analysis. Student's t-test was used to calculate the significance of RT-qPCR and cell proliferation assay results between CSC and nonCSC. P<0.05 was considered to indicate a statistically significant difference. All experiments were repeated at least twice with at least triplicate samples.
Results
CSC spheres of UTSCC-60A cell line. Before CSC isolation, cancer cells were counted (Invitrogen) and after isolation CSCs were counted. In UTSCC-60A cell-line there was only 0.6% of CSC which represented a small population compared to nonCSC.
Isolated CSCs were plated as 2x10 3 in each well of 96 well-plate U-bottom with CSC medium. Spheres in each well could be observed under microscope (Fig. 1A) . At the 3rd-4th day CSC spheres could be pictured after carrying to a flat-bottom well plates ( Fig. 1B and C) . Morphological images of spheres generated from UTSCC-60A were highly dense and dark.
Immunofluorescence staining of spheres. For both cell type mouse Anti-ALDH1A1 (ab105920; Abcam) antibody was used for immunofluorescence staining. As expected, while ALDH1a expression could be observed in CSC spheres, there was no ALDH1a expression in nonCSC. This result confirmed the successful isolation of CSCs. In CSC ALDH1a expression was specific to spheroid formation. Negative control (no primary antibody) didn't display any ALDH1a expression for both cell lines representing clearance of undesired background staining. DAPI could be detected for both cell type, displaying different patterns for CSC and nonCSC (Fig. 2) .
CSC marker expression by RT-qPCR. CSC markers OCT4, SOX2, KLF4 and BMI1were expressed significantly higher in CSC when compared to nonCSC. OCT4, SOX2, KLF4 and BMI1 were respectively 2.33, 2.53, 2.68, and 1.34 folds higher in CSC. For OCT4, SOX2 and KLF4 were all P<0.01, respectively P=0.0009, P=0.0001, P=0.0043, P=0.0013. CD133 expression was almost at the same level in both cell type (Fig. 3 ). CD133 gene expression was only 1.03-fold higher and P=0.91.
Effect of Cisplatin treatment to CSC and nonCSC. As CSC are thought to be resistant to chemotherapeutics we confirmed their proliferation compared to nonCSC after cisplatin treatment. We applied different doses of cisplatin between 40 to 0.3125 µg/ml. Our results displayed CSC to be more resistant to cisplatin (Fig. 4 ). For 20, 10, 2.5, 1.25, 0.625 µg/ml cisplatin treatment, cell proliferation percentages were significantly higher in CSC. P-values for these dosages were respectively P=0.017, P=0.0006, P=0.006, P=0.008, P=0073. For dosages of 5 and 0.3125 µg/ml cell proliferation rates weren't significant, P=0.32 and P=0.06 respectively.
Discussion
HPV-negative cases still remain problem for the treatment of OPC. It is known that they have different genetic background but their resistance to chemoradiation needs to be elucidated. Recent literature supports CSCs might be the reason of resistance to therapy in various kinds of cancers including HNSCC (22) (23) (24) (25) . As current anticancer therapies don't target CSCs specifically, instead of eradicating them they may even be expanding resistant CSC clones (16) . Ionizing radiation itself can induce CSC properties (26) (27) (28) . Cisplatin as well, is thought to be whether a chemotherapeutic that CSCs are resistant to or induces CSC properties in various types of cancer (29) (30) (31) (32) . CSC proportion in HPV-negative and HPV-positive HNSCC is challenging. Based on the data of their study Tang et al (33) stated that HPV status does not correlate with the CSC proportion of HNSCC and concluded that CSCs are more resistant to cisplatin than nonCSCs, which is irrelevant to HPV status. In another study investigating the effect of irradiation on CSC subject to HPV status, it was demonstrated that HPV-negative (34) . Additionally, Zhang et al (35) demonstrated that HPV-positive HNSCC has higher CSC population than HPV-negative HNSCC and proposed that rather than absolute CSC number CSC phenotype might be more important for disease aggressiveness. Contradictorily, Vlashi et al (36) supported that HPV-negative cell lines have a higher proportion of CSC and radiation induced dedifferentiation of head and neck cancer cells into CSC depending on the HPV status. In the present study we detected coherent data of low CSC proportion in HPV-negative OPC cell line. Together with the low proportion of CSC our data displayed significantly high expression of CSC markers OCT4, SOX2, KLF4 and BIM1 compared to nonCSC indicating CSC phenotype.
Recently it is known that CSC may also originate from differentiated cells and nonCSC, and there are different phenotypes of CSC, displaying genetic heterogeneity (37, 38) . Almeida et al (39) defined holospheres, merospheres and paraspheres in HNSCC cell lines and suggested that CSCs with enhanced stemness and invasive potential are a specific population that exist in holospheres. Our morphological data also displayed highly dark and dense holospheres of CSCs.
Aldehyde dehydrogenase 1 (ALDH1) is an informative marker of CSC of HNSCC (40) (41) (42) (43) . In a systematic review of HNSCC, CSC markers used in many of the studies are defined as ALDH1, CD44 and BMI1, and in which ALDH1 is correlated tumor aggressiveness, tumor size, presence of lymph node metastasis and tumor staging (44) . Likewise, a meta-analysis declared that ALDH1 positive patients had worse prognosis associated with common clinicopathological features and poor prognostic factors (45) . Also, Yata et al showed that increased ALDH1 activity HNSCC cells represent CSC (46) . We have displayed the expression of ALDH1a expression in tumor spheres of UTSCC-60A cell line while confirming CSC isolation.
CSC is a promising target for cancer treatment. Macha et al (47) targeted CSC via afitinib, a pan-EGFR-TKI, in HNSCC cell lines and showed that afitinib inhibited formation and growth of tumor spheres which also demonstrated significant radio-sensitization. Setúbal Destro Rodrigues et al (48) examined effects of Cetuximab and Erlotinib on the cell sub-populations in HNSCC cell lines and showed that EGFR blocking reduced cell proliferation, reduced motility of EMT-CSCs and increased sensitivity of Epi-CSCs to chemoradiation by inducing their differentiation. Also, the decrease of CSC marker expression, downregulation of migration and invasion, and quiescence of epithelial to mesenchymal transition was shown by targeting CSC in HNSCC through novel C-terminal Hsp90 inhibitors (KU711 and KU757) (49) . Our data displayed that CSC were more resistant to cisplatin treatment than nonCSC ( Fig. 4 ) and for all doses except 5 and 0.3125 µg/ml cell proliferation rate was significantly higher for CSC.
CSC studies shoulder great importance on understanding CSC mechanism in carcinogenesis and how will this information be translated to therapy. Even though this is a comprehend step because of the underlying complex mechanisms and genetic heterogeneity, recent improvements in CSC information is promising. Eventually it can be proposed that not only targeting cancer cells but also targeting CSC in cancer specifically is probably an important advancement in cancer treatment.
In this study, CSC of HPV-negative OPC cell line is characterized. It's been shown that CSC proportion is low but CSC markers are highly expressed and CSCs are more resistant to cisplatin treatment than nonCSC. The present study suggests that even the proportion of CSC may be low in HPV-negative OPC, CSC properties may be an important factor in resistance to cisplatin, which needs further investigation to define the underlying mechanisms.
